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METHOD OF PRODUCING SYNTHETIC SILICATES 
AND USE THEREOF IN GLASS PRODUCTION 



FIELD OF INVENTION 

The present invention relates to glass making compositions and methods. More particularly, 
the present invention relates to an alkali metal precursor material made from calcium oxides and 
magnesium oxides, water and sodium silicates, such as silica sand. Such material is particularly 
useful in glass making and affords using lower energy with less volatiles associated with 
conventional production batches. 

BACKGROUND OF THE INVENTION 
Glass can be produced from glass formers, which can be theorized under the random-network 
theory of glass as material having heavy cation - oxygen bond strengths greater than about 33 5 
kilo Joules per mole. Typical formers are oxides such as B2O3, SK>2, Ge02, P2°5- AS2O5, p 2 
O3, AS2O3, Sb203, V2O5, Sb205, Nl^Os, and Ta20 5 . The fluoride BeF2 also qualifies. 
Additional components can be mixed with glass formers 10 provide various effects. These 
components include glass intermediates, having bond strengths of about 230-350 kilo- 
Joules/mole. and which may or may not become part of the network; and glass modifiers, having 
bond strengths of less than about 250 kilo Joules per mole, and which do not become part of the 
network. Typical modifiers are oxides of gallium, magnesium, lithium, zinc, calcium, sodium 
and potassium. Other formers, intermediates and modifiers are known, as illustrated in 
"GLASS", Kirk-Othmer Encyclopedia of Ch emical Technology, vol. 12, pp 555 + (1994). 

One form of glass is a silicate system containing modifiers and intermediates. Such silicates 
have a network of silicon to oxygen to silicon bonds. Use of a modifier, such as sodium oxide, 
can cleave these bonds by forming a silicon to oxygen to terminal sodium linkage. Other 
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modifiers can be used. Such modifiers can make the glass more fluid, decrease resistivity, 
increase thermal expansion, lower chemical durability or increase flux 

Soda-lime glass is perhaps the most ubiquitous glass product. Such soda-lime glasses involve 
mixtures of alkali and alkali earths. These glasses can be produced using oxides of sodium, 
calcium, silicon, magnesium, aluminum, barium and potassium. 

Most glass is manufactured by a process in which raw materials are converted at high 
temperatures to a homogeneous melt that is then formed. The raw materials used are typically 
sand, as the source of silicon; limestone or dolomitic lime, as the source of calcium and/or 
magnesium; and soda ash or caustic soda, as the source of sodium. The limestone is typically a 
high calcium limestone (95% calcxte, CaC03), aragonite mineral, or a dolomitic limestone 
(mixture of dolomite, CaMg(C0 3 )2, and calcite). The soda ash (sodium carbonate, Na 2 C03> can 
be a Soivay process product or mineral deposit. Typical manufacturing processes involve the 
batch mixing of sand, soda ash, limestone and other materials at elevated temperatures above 
1000°C. 

There is a continued need for new processes and materials which facilitate the production of 
glass and which provide energy savings and increased production through-put. 

RELATED ART 

U. S. Patent No. 5,004 ,706 discloses a method of making molten glass wherein silica is heated 
with a batch component comprising a sodium alkaline earth silicate which includes a major 
portion of the sodium in the resultant molten glass. The patent also discloses a batch component 
for use in glass manufac ture, comprising sodium calcium silicate, and, optionally, sodium 
magnesium silicate. A method for producing a batch component comprising sodium calcium 
silicate is also disclosed, comprising heating a mixture of a source of sodium oxide, a source of 
silica, and either a source of calcium silicate or a source of calcium oxide at a temperature of 
greater than about 800°C, with a Na20, CaO, and S1O2 molar ratio of 1 : 1 : 1 . The resulting batch 
components can be preheated without melting prior to mixing and feedi ng the furnace. 

U. S. Patent No. 4,920,080 discloses a method of making glass in which silica is reacted with 
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sodium carbonate to form sodium silicate as a preliminary step. The resulting sodium silicate is 
combined with a calcium carbonate - containing batch material which has been preferably calcined 
to release carbon dioxide prior to contacting with the sodium silicate. The patent suggests that 
the process maximizes the recovery of waste heat from glass melting and that the resulting batch 
materials are substantially free of carbon dioxide which minimizes gaseous inclusions in the glass. 

U. S. Patent No. 4,023,976 discloses an improved process for making glass in which a glass 
batch is mixed with a binder, aged, compacted, and compressed into briquettes, which are heated 
to partially react the contents of the batch in a prereaction stage. This process minimizes 
segregation and non-uniformity in the glass batch, and reduces the operating temperature of the 
glass furnace. 

U. S. Patent No. 3,883,364 discloses a dust-free granular alkaline earth carbonate material 
particularly suited for feed stock for glass furnaces. The process for preparing the granular 
material involves combining a freshly prepared aqueous slurry of alkaline earth carbonate with a 
solution of alkali silicate, drying the slurry and sintering at temperature of about 700-900°C, 
thereby converting the aqueous slurry solids to a dense material which can be ground to a dust- 
free, free flowing form suitable for use as a feed stock in glass furnaces. 

U.S. Patent No. 3,967,943 discloses a method of improving glass batch melting by using 
sodium silicate water solution as a batch ingredient to supply from about 1% to about 10% of the 
total Na2<> content, with conventional sodium-containing batch materials supplying the bulk of 
the Na 2 0 content. The patent suggests that the addition of sodium silicate water solution enables 
a lower temperature and/or less fuel to be used in melting, results in lower dusting, and reduces 
the incidence of glass inhomogeneities or defects. 

SUMMARY 

The present invention is a method of producing a molten ceramic by use of a synthetic silicate, 
wherein the synthetic silicate is produced by mixing a slaked source of calcium and/or magnesium 
and a source of silicon dioxide. Preferably, the synthetic silicate can be made by a soluble silicate 
route or a silica sand route. Advantageously, the synthetic silicate can be formed into a cylindrical 
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pellet. 

In accord with one or more aspects, the invention provides energy savings and other benefits, 
including, but not limited to, reduced levels of evolved carbon dioxide and reduced foam 
formation in glass making processes, reduced impurities in formed glass, increased furnace pull 
rates, and customized elemental ratios in the produced glass and improved batch uniformity. 

EMBODIMENTS OF THE PRESENT TNWMTTOfr 

One embodiment of the present invention is a method of producing a molten ceramic 
comprising the step of admixing a slaked source of calcium and/or magnesium with a source of 
silicon dioxide to produce a silicate material (hereinafter "synthetic silicate 79 ) comprising one or 
more compounds selected from the group consisting of calcium silicates, magnesium silicates and 
calcium magnesium silicates. This synthetic silicate can be a precursor material in the production" 
of glass or other ceramic products. The synthetic silicate optionally contains free water which can 
be residual water from the slaking process producing the slaked source of calcium and/or 
magnesium. The method further comprises admixing under appropriate production conditions the 
synthetic silicate and a second source of silicon dioxide to produce a molten ceramic material. 
The second source of silicon dioxide can be the same as the source used to produce the synthetic 
silicate or can be a different source. 

The molten ceramic produced is dependent upon the selection of materials and the 
corresponding ceramic production conditions. The molten ceramic is preferably a glass precursor 
suitable for making glass products including, but not limited to, glassware, glass bottles, glass 
windows (e.g. building, vehicular and the like), fiberglass, optical glass, optical fiber and the like, 
and for other glass products, such as those produced by the addition of aluminum, boron, gallium 
and the like. 

The source of calcium and/or magnesium can be any type of a natural or synthesized material 
capable of being slaked by water; such as an oxide of calcium and/or magnesium which reacts 
with water. Such sources may be natural forms of oxides of calcium and/or magnesium or 
processed materials which has been ground, calcined or otherwise treated. Non-limiting examples 
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are wdlastonite (CaOSi0 2 ), diopside (Ca<>MgO*2Si02), akermanite (2CaO*MgO*2SiC>2). 
calcium metasilicate (CaOSiO^, calcined dolomite (i.e., dolomiiic lime, CaOMgO), and lime 
(CaO) in its various forms, e.g. t quicklime, hydrated lime, hydraulic iime and high calcium lime 
(i.e., 95% or more active). 

A preferred selection of the source of calcium and/or magnesium includes dolomitic lime and 
high calcium lime. The calcium and/or magnesium source can be slaked with water at ambient 
temperatures or pressures. Higher temperatures and pressures can be used. When more than one 
type of calcium and/or magnesium source is used, the sources may be mixed before, during or 
after slaking. The amount of water used preferably is at least a stoichmetric amount for complete 
slaking and can be an amount of water in excess such that the slaked source of calcium and/or 
magnesium comprises an amount of free (unreacted) water. 

The source of silicon dioxide can be any convenient source of silicon dioxide which enables 
the admixing with the specified slaked source to produce the synthetic silicate. For instance, the 
source can be one in which the silicon dioxide is relatively unassociated with other compounds, 
exemplified as silica in natural materials such as sand, quartz, and the like. Alternatively, the 
source can be one in which the silicon dioxide is relatively associated with other compounds, 
exemplified as silicon dioxide in sodium silicates. 

In addition to the source of silica, there may also be needed one or more of a source of 
calcium, magnesium and sodium to complete the production of glass or other ceramic material. 
For instance, one or more of limestone, dolomite and soda ash materials might be used. This 
depends upon the desired composition. The use of such materials can result in the release of 
volatile gases, such as carbon dioxides, in the production and, accordingly, use of such is desired 
to be minimal. 

The admixing of the slaked source of calcium and/or magnesium and the source of silicon 
dioxide can be performed simultaneously with or after the slaking to produce the slaked source. 
The proportion of the source of calcium and/or magnesium, water for slaking and the source for 
silicon dioxide can be varied to produce a variety of synthetic silicates. The preferred weight ratio 
of water to the source of calcium and/or magnesium during slaking will vary in accordance with 
the desired product, as well as the water temperature for the slaking. 
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The admixing of the water and the source of calcium and/or magnesium can be in either order 
of one to the other or concurrent. The time of admixing of the silicon dioxide and the slaked 
source of calcium and/or magnesium can preferably range from about 5 seconds to about 2 hours, 
more preferably about 10 seconds to about 30 seconds. 

The admixing and continued mixing, if any, of the silicon dioxide and the slaked source of 
calcium and/or magnesium is effective to produce a synthetic silicate suitable for the production of 
glass or other ceramic. When an excess of water (e.g. free water) is present, the material is in a 
slurry form. Depending upon the composition and type of glass or other ceramic to be formed 
using the synthetic silicate, additional material can be added to the slurry during or after admixing 
or mixing. For instance, if additional silica is desired, a silica source, such as silica flour, can be 
added. Also, before such synthetic silicate is used in glass production, the slurry can be treated, 
such as by filtering, evaporating or heating, to remove at least a portion of the free water. For 
instance, the slurry could be dried at a temperature of about 1 !0°C. 

The synthetic silicate can be further treated by heating at higher, temperatures, such as from 
about 1 10°C to about 1 100°C or higher. The time and ramping of such heating can be varied, 
depending upon the desired final synthetic silicate inasmuch as such heating can produce further 
or continued reactions. 

The synthetic silicate produced by the present invention can have a wide variety of one or 
more calcium silicate, magnesium silicate and calcium magnesium silicate components. The 
variability of such silicate components correlates with the variability of amounts of the source of 
calcium, magnesium, water and the silicon dioxide, as well as the conditions of operating, e.g., 
temperatures, pressures, time, mixing, etc. 

Soluble Silicate Route 

One embodiment of the present invention is a method of producing a molten glass comprising 
the step of admixing a slaked source of calcium and/or magnesium and a soluble silicate to 
produce a synthetic silicate. This synthetic silicate optionally contains free water, which can be 
residual from the slaking process. The method further comprises mixing the synthetic silicate and 
a source of silicon dioxide, preferably silica, to produce a glass product. 
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A preferred selection of source of calcium and/or magnesium is dolomitic lime and high 
calcium lime. The calcium and/or magnesium source can be ;laked with water at ambient 
temperatures or pressures. Higher temperaiures and pressures can be used. When more than one 
type of calcium and/or magnesium source is used, the sources may be mixed before, during or 
after slaking. The amount of water used preferably is at least a stoichmetric amount for complete 
slaking and can be an amount of water in excess such that the slaked source of calcium and/or 
magnesium comprises an amount of free (unreacted) water. 

The soluble silicate is a silicate having sufficient solubility in water to enable the silicate to 
react with the slaked source of calcium. A preferred soluble silicate is a sodhim silicate. Such 
sodium silicate can be dry or liquid and anhydrous or hydrated, preferably pentahydrated. 

In addition to the source of silicon dioxide, there may also be needed one or more of a source 
of calcium, magnesium and sodium to complete the production of glass. For instance, one or 
more of limestone, dolomite and soda ash materials might be used. This depends upon the desired 
glass composition. The use of such materials can result in the release of volatile gases, such as 
carbonates, in the glass production and, accordingly, use of such is desired to be minimal. 

In one preferred embodiment, the sodium silicate is an anhydrous or hydrated form of a 
compound having the empirical formula of Na20« X Si02, wherein Granges in value from 0.5 to 
375; preferably, Na20SiC>2, ^OSiC^SI^O and Na 2 O-10/3SiO 2 . When the sodium silicate 
is anhydrous, the sodium silicate is preferably admixed with the staked source of calcium after 
completion of the slaking process. 

The admixing of the slaked source of calcium and/or magnesium and the soluble silicate can 
be performed simultaneous with or after the slaking to produce the slaked source. The proportion 
of the source of calcium and/or magnesium, water for slaking and soluble silicate can be varied to 
produce a variety of calcium synthetic silicates. In a preferred embodiment, the source of calcium 
and/or magnesium is a blend of dolomitic lime and high calcium lime. The proportion of the blend 
can vary, preferably the weight ratio of dolomitic lime to high calcium lime ranges from about 
100:1 to about 1:100, more preferably from about 4:1 to about 2:1. The preferred weight ratio of 
water to lime during slaking is about 10: 1 to about 0.35:1, more preferably about 2.5:1 to about 
1:1. The water temperature for the slaking ofthe calcium source is preferably from about 10°Cto 
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about 90°C T more preferably about 20°C 10 about 30°C. 

The admixing of the water and the source of calcium and/or magnesium can be in either order 
of one to the other or concurrent. Preferably, the water is added to the source of calcium and/or 
magnesium over a period of time, such as from about 5 seconds to about 2 hours, preferably 
about 30 seconds. The slaking time is preferably from about 1 minute to about 60 minutes, more 
preferably about 2.5 minutes to about 10 minutes. 

The amount of the soluble silicate to be admixed with the slaked source of calcium and/or 
magnesium preferably ranges in the weight ratio of soluble silicate to slaked source of calcium 
and/or magnesium (dry) of from about 0.044 to about 2.2, more preferably about 0.048 to about 
1 .2. The time of admixing of the soluble silicate and the slaked source can preferably range from 
about 5 seconds to about 2 hours, more preferably about 10 seconds to about 30 seconds. The 
admixture of soluble silicate and slaked source is preferably treated to continued mixing of from 
about 5 minutes to about 2 hours, more preferably about 30 minutes to about 1 hour. 

The admixing and continued mixing if any, of the soluble silicate and the slaked source of 
calcium and/or magnesium is effective to produce a synthetic silicate suitable for the production of 
glass. When an excess of water (e.g. free water) is present, the material is in a shiny form. 
Depending upon the composition and type of glass to be formed using the synthetic silicate, 
additional material can be added to the slurry during or after admixing or mixing. For instance, if 
additional silica is desired, a silica source, such as silica flour, can be added. Also, before such 
synthetic silicate is used in glass production, the slurry can be treated, such as by filtering 
evaporating or heating, to remove at least a portion of the free water. For instance, the slurry 
could be dried at a temperature of about 1 10°C. 

The synthetic silicate can be further treated by heating at higher, temperatures, such as from 
about 1 10°C to about 1 100°C, more preferably from about 150°C to about 700°C, even more 
preferably below about 300°C The time and ramping of such heating can be varied, depending 
upon the desired final synthetic silicate inasmuch as such heating can produce further or continued 
reactions. 

The synthetic silicate produced by the use of soluble silicates can have a wide variety of one or 
more calcium silicate, magnesium silicate, and/or magnesium components. The variability of 
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compopents correlates with the variability of amounts of the source of calcium, water and the 
soluble silicate, as well as the conditions of operating, e.g., temperatures, pressures, time, mixing, 
etc. In one preferred embodiment, the synthetic silicates have the formula 
Na A^ a B M SC(°)D( 0H )E si F 0 G #XH 2 0 whcrein either D or E is zero and the other subscripted 
letters vary according to conditions as previously described. Table I discloses, in a non-limiting 
way, the possible correlations attainable between operating amounts and synthetic silicate 
attainable. 



TABLE I 



Weight Ratios 





Water 


Soluble SiHca 1 Product 




1 


0.5 


C«s(OH)2-Si60i6«4H20 




1 


, 0.7 


Ca 5 (OH)2*Si60i6«4H 2 0 




3.3 


1.2 


Ca 5 (OH)2«Si 6 0 1 6.4H20 




3.3 


0.7 


(CaO)i 5-Si0 2 -H 2 0 




3.3 


1.2 


(CaO)i.5«Si0 2 »H 2 0 




7 


1.1 


CaOSiOrH^O 



In a preferred embodiment, the synthetic silicate produced by soluble silicates comprises one 
or more components represented by the formula (CaO) x »Si0 2 »Y (H 2 0), wherein x is from 5/6 to 
3/2 and Kis not zero. More preferably* is 1.5 and Y is 1. 

In another preferred embodiment, the synthetic silicate produced by soluble silicates comprises 
one or more components represented by the formula X(Na 2 0)«Y(CaO)»Si02 and optionally 
comprises a compound represented by the formula W(Na 2 0>V(MgO>Si02, wherein X and W 
independently are from 1/6 to 1/1 and W and V independently are from 1/3 to 1/1. Preferably, the 
synthetic silicate precursor material comprises 0.S(Na 2 O)»l(CaO)»SiO2 More preferably, the 
synthetic silicate precursor material further comprises Na 2 OMgOSi02 

In another aspect, the present invention is the setting of process variables of the disclosed 
reactions within a set of novel process variables to attain desired results. Accordingly, the present 
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invention can be the : ove-described invention wherein the proportion of the amount of synthetic 
silicate and the amount of the source of silicon dioxide is effectively controlled to reduce the 
temperature required to produce a molten glass within a set time. Alternatively, the proportion of 
the amount of synthetic silicate and the amount of the source of.silicon dioxide is effectively 
controlled to reduce the time required to produce a molten glass at a set temperature. In another 
aspect, both temperature and time are reduced by effectively controlling the aforesaid proportions. 
The variables which compose the foregoing variables can also be controlled. For instance a 
molten glass is produced by setting variables from the set of variables consisting of the amount of 
slaked source of calcium and/or magnesium, the amount of soluble silicate, the amount of free 
water, the amount of the source of silicon dioxide, the time to produce the molten glass, and tHc 
temperature to produce the molten glass. Once a certain number of the variables have been set, 
the remaining are fixed in accordance with the degree of freedom. Depending upon the glass 
composition desired, the amounts of other sources of calcium, magnesium or sodium, such as 
limestone, dolomite and soda ash, may<also be change in accordance with the change of these 
variables. 

The following examples are to illustrate, but not limit, the scope of the present invention when 
using a soluble silicate. 

Example 1 

The following is a method for producing an admixture of sodium calcium silicate and sodium 
magnesium silicate. The reaction takes place in a paddle mixer. A magnesium oxide and calcium 
oxide source consisting of 37.2 grams dolomitic lime (55. 1% CaO; 42.5% MgO) and 13.2 grams 
high calcium lime (96% active) are premixed in the mixer. To the mixing oxides is added 210 
grams of dry sodium metasilicaze pentahydrate. This provides enough silicon dioxide to react 
with all the magnesium and calcium oxide in a 1:1 molar ratio. Into this dry mix is introduced 50 
grams water. The slurry is allowed to mix for 30 minutes. Upon completion of the reaction the 
free water is removed in a kiln at 1 10°C. The dried material is then heated to 400°C in a kiln. 
The phases formed in this reaction were confirmed by x-ray detraction (XRD) to be Na2MgSiC>4 
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Example 2 

This method exemplifies wherein a Na2MgSi04 and Na2Ca2Si207 precursor is used in glass, 
The glass forniulation followed is 74. 1% Si02, 13.3% Na 2 0, 3.6% CaO, and 4. 1% MgO. The 
precursor material consists of 100% of the needed Na 2 0, CaO and MgO, and 21% of the 
required Si02- Therefore, to 50 grains precursor material is added 67,9 grams S1O2 as sand. A 
control consisting of the above mentioned glass formulation using calcium carbonate as the Cap 
source, magnesium carbonate as MgO source, and soda ash as the Na20 source is created. Two 
groups of these mixtures are then heated to 1300°C and 1400°C, respectively, for times of 1, 3, 6, 
and 12 hours. The glass samples are ground up and XRD performed on them. The % amorphous 
glass for these samples are as follows. 

1300°C 1400°C 



Experimental Control Experimental Control 



1 hour 


90 


80 




98 


85 


3 hour* 


98 


90 




98 


85 


6 hour 








98 


95 


12 hour 








99 


99 



*Thc control percentage is greater (e.g. 90 compared to 85) at the lower temperature at this time 
and temperature due to cristobalite formation dynamics. 

Example 3 

The following is a method for synthesizing a calcium silicate hydrate. The reaction takes place 
in a paddle mixer. 300 grams dolomitic lime consisting of 55 . 1% CaO and 42.5% MgO is slaked 
with S00 grams water for 10 minutes in the paddle mixer. Separately, 100 grams of high calcium 
lime is slaked with 500 grams water for 10 minutes. Both samples are screened through a 60 
mesh screen. Into the mixer is placed 400ml of the dolomitic slake and 500ml of the high calcium 
slake. To the mixing slakes is added 945 grams liquid N-type sodium silicate. The sodium silicate 
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is introduced over 5 seconds. Tnc sodium silicate provides enough soluble silica to react in a 1.1 
molar rario with all the MgO and CaO. The slurry is allowec to mix for 60 minutes. Upon 
completion of the reaction the free water is removed in a kiln at 1 10°C The dried material is then 
heated to 400°C in a kiln. The phase formed in this reaction is confirmed by XRD to be 
(CaO)i fSiCb^O along with unreacted MgO and excess sodium silicate. 

Example 4 

The method wherein a (CaO)^ 5Si02 # H20 precursor is used in glass. The glass formulation 
followed is 74. l°/o S1O2, 13.3% Na20, 8.6% CaO, and 4. 1% MgO. The precursor material 
consists ofl00% of the needed CaO and MgO, 21% of the required S1O2. and 35% of the . 
required Na20. Therefore, to 20 grams precursor material is added 36. 1 grams S1O2 and 9 granu 
soda ash. A control consisting of the above mentioned glass formulation using calcium carbonate 
as the CaO source, magnesium carbonate as the MgO source, and soda ash as the Na20 source is 
created. Two groups of these mixtures are then heated to 1300°C and 1400°C, respectively, for 
times of 1, 3, 6, and 12 hours. The glass samples are ground up and XRD performed on them. 
The % amorphous glass for these samples are as follows. 



1300°C 
Experimental Control 



1400°C 
Experimental Control 



1 hour 


95 


80 




98 


85 


3 hour - 


98 


90 




99 


83 


6 hour 








99 


95 


12 hour 








99 


99 



•The control percentage is greater at the lower temperature at this time and temperature due to 
cristobalite formation dynamics. 

Silica Sand Route 

Another prefened embodiment of the present invention is a method of producing a molten 
glass comprising the step of admixing a slaked source of calcium and/or magnesium screened of 
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impurities (such as by a sizing step) and a source of silicon dioxide, preferably silica, and then 
heating the admixture at high temperatures to produce synthetic silicate (i.e., a calcium 
magnesium silicate, magnesium silicate, and/or calcium silicate). The method can further 
comprise mixing the synthetic silicate and a second source of silica and a source of sodium, 
preferably soda ash, to produce a glass product. This second source of silica may be the same or 
differ from silica sand. 

The source of calcium and/or magnesium can be any type of a natural or synthesized material 
capable of being slaked by water; that is, an oxide of calcium and/or magnesium which reacts with 
water. Such sources may be natural forms of oxides of calcium and/or magnesium or processed 
materials which has been ground, calcined or otherwise treated. Non-limiting examples are 
wollastonite (CaOSiC^). diopside (CaOMgO-2Si02). akermanite (2CaOMg02Si0 2 ), calcium 
metasilicate (CaOSiOj), calcined dolomite (i.e.. dolomitic lime, CaO*MgO). and lime (CaO) in 
its various forms T e.g., quicklime, hydrated lime, hydraulic lime and high calcium lime (i.e., 95% 
or more active). 

A preferred selection of source of calcium and/or magnesium is dolomitic lime and high 
calcium lime. The calcium and/or magnesium source can be slaked with water at ambient 
temperatures or pressures. Higher temperatures and pressures can be used. When more than one 
type of calcium and/or magnesium source is used, the calcium and/or magnesium sources may be 
mixed before, during or after slaking. Also, a portion of the calcium and magnesium may come 
from a calcitc or dolomite source. The calcitc or dolomite could be admixed to the lime prior or 
during slaking The percentage of calcium and magnesium replaced by calcite or dolomite can be 
from 0% to 100%. The preferred range is from about 25% to about 50% when used. The 
advantage of using a calcium or magnesium carbonate is that it lowers the raw material costs. 
The amount of water used preferably is at least a stoichmetric amount for complete slaking and 
can be an amount of water in excess such that the slaked source of calcium comprises an amount 
of free (unreacted) water. 

The slaked calcium and/or magnesium source can then be screened of impurities. The screen 
size can vary for about 10 mesh to about 325 mesh. More preferably, the screen size is about 30 
mesh to about 60 mesh. Non-limiting examples of such impurities are iron particles, grit, 
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refractory residue, inclusion, and other types of panicies which do not melt in the glass batches. 

A source of silica can be any type of natural or synthesized source of varying mesh sizes. 
Examples of silica sources include, but are not limited to, silica sand, silica flour, precipitated 
silica, and the like. 

In addition to the source of silica, there may also be needed one or more of a source of 
calcium, magnesium and sodium to complete the production of glass. For instance, one or more 
of limestone, dolomite and soda ash materials might be used. This depends upon the desired glass 
composition. The use of such materials can result in the release of volatile gases, such as 
carbonates, in the glass production and, accordingly, use of such is desired to be minimal. 

The admixing of the slaked source of calcium and/or magnesium and the silica sand can be 
performed simultaneous with or after the slaking to produce the slaked source. Preferably, the 
lime, carbonates, and silica sand are pulverized together prior to slaking. The proportion of the 
source of calcium and/or magnesium, water for slaking and silica sand can be varied to produce a* 
variety of synthetic silicates. In a preferred embodiment the source of calcium and/or magnesium 
is a blend of dolomhic lime and/or high calcium lime. The proportion of the blend can vary, 
preferably the weight ratio of doiomitic lime to high calcium lime ranges from about 100: 1 to 
about 1 :100, more preferably from about 4: 1 to about 2: 1 . The preferred weight ratio of water to 
lime during slaking is about 10:1 to about 0.35:1, more preferably about 2.5: 1 to about 1:1. The 
water temperature for the slaking of the calcium and/or magnesium source is preferably from 
about 10°C to about 90*C, more preferably about 20°C to about 30°C. 

The admixing of the water and the source of calcium and/or magnesium can be in either order 
of one to the other or concurrent. Preferably the water is added to the source of calcium and/or 
magnesium over a period of time, such as from about 5 seconds to about 2 hours, preferably 
about 30 seconds. The slaking time is preferably from about 1 minute to about 60 minutes, more 
preferably about 2.5 minutes to about 15 minutes. 

The amount of the silica sand to be admixed with the slaked source of calcium and/or 
magnesium preferably ranges in the weight ratio of silica sand to slaked source of calcium and/or 
magnesium (dry) of from about 0.044 to about 2.2, more preferably about 0.048 to about 1 .2. 
The time of admixing of the silica sand and the slaked sourc* of calcium and/or magnesium can 
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preferably range from about 5 seconds to about 2 Hours, more preferably about 10 seconds to 
about 30 seconds. The admixture of silica sand and slaked source of calcium and/or magnesium is 
preferably treated to continued mixing of from about 1 minute to about 2 hours, more preferably 
about 5 minutes to about 30 minutes 

The admixing and continued mixing, if any, of the silica sand and the slaked source of calcium 
and/or magnesium is effective to produce a synthetic silicate suitable for the production of glass. 
When an excess of water (e.g. free water) is present, the material is in a slurry form. Depending 
upon the composition and type of glass to be formed using the synthetic silicate, additional 
material can be added to the shiny during or after admixing or mixing. For instance, if additional 
silica is desired, a silica source, such as silica flour, can be a d d ed . Also, before such synthetic 
silicate is used in glass production, the slurry can be treated, such as by filtering, evaporating or 
heating, to remove at least a portion of the free water. For instance, the slurry could be dried at a 
temperature of about 110°C. 

The slaked source of calcium and/or magnesium and the silica sand is further treated by 
heating at higher temperatures, such as from about 1000°C to about 1800°C, more preferably 
from about 1300°C to about 1400°C. The time and ramping of such heating can be varied, 
depending upon the desired final synthetic silicate. 

In another embodiment of the invention, the silica sand and dolomitic and high calcium limes 
are pulverized and premixed. The dry mixture is then added over several minutes to the above 
described ratios of water. The dough-like mixture is then extruded and dried of free water. 

The synthetic silicate produced by the silica sand can have a wide variety of one or more 
magnesium silicate, calcium magnesium silicate and/or calcium silicate components. The 
variability of synthetic silicate components correlates with the variability of amounts of the source 
of calcium and/or magnesium, water and the silica sand, as well as the conditions of operating, 
e.g., temperatures, pressures, time, mixing, etc. Forms of calcium magnesium silicate and/or 
calcium silicate produced by the present invention include, but are not limited to, Diopside 
(CaMgSi 2 0 6 ). Wollastonite (CaSi0 3 ), Akermanite (Ca 2 MgSi 2 0 7 ), Meiwinite (Ca 3 MgSi 2 0 8 ), 
Monticellite (CaMgSiO^, Forsterite (Mg 2 Si(>4), and the like. In a preferred embodiment, the 
calcium magnesium silicate and/or calcium silicate glass precursor material is comprised of 
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Diopsidc and/or Wollastonite. 

The diopside and wollastonite made during this solid state reaction differs from other sources 
of both synthetic and natural wollastonite and diopside in that the scanning electron -micrographs 
show a unique morphology. 

In another aspect, the present invention is the setting of process variables within a set of novel 
process variables to attain desired results. Accordingly, the present invention can be the above- 
described invention wherein the proportion of the amount of synthetic silicate and the amount of 
the source of silicon dioxide, preferably silica, is effectively controlled to reduce the temperature 
required to produce the molten glass within a set time. Alternatively, the proportion of the 
amount of calcium silicate precursor material and the amount of the source of silica is effectively 
controlled to reduce the time required to produce the molten glass at a set temperature. The 
variables which compose the foregoing variables can also be controlled. For instance, the molten 
glass is produced by setting variables from the set of variables consisting of the amount of slaked * 
source of calcium, the amount of soluble silicate, the amount of free water, the amount of the 
source of silica, the time to produce the molten glass, and the temperature to produce the molten 
glass. Once a certain number of the variables have been set, the remaining are fixed in accordance 
with the degree of freedom. Depending upon the glass composition desired, the amounts of other 
sources of calcium, magnesium or sodium, such as limestone, dolomite and soda ash, may also be 
change in accordance with the change of these variables. 

Advantages demonstrated in a glass include lower frothing which translates to better heat 
transfer, lower fining time due to 30% to 40% less gas, better eutectics which shorten the melting 
times, and possible lowering of soda ash due to the better melting characteristics. 

In addition, this material can be made even more cost effectively by utilizing waste heat from 
the glass furnaces. The synthetic silicate production facility can be located on site at a glass plant. 
This allows for the use of waste heat and energy from the glass furnace. The synthetic silicate 
glass batch component can then be easily transported to the glass raw material facility without 
trucking or railcar charges. 

The following examples are to illustrate, but not limit, the production of synthetic silicate 
using silica sand 
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The following is a method for producing a calcium magnesium silicate, more specifically 
Diopside. The reaction takes place in a Hoban mixer. A magnesium oxide and calcium oxide 
source consisting of 600 grams dolomitic lime (56.06% CaO; 38.3 1% MgO) and 960g water are 
simultaneously placed in the mixer. The oxides are allowed to slake for 15 minutes, which is to 
allow for maximum viscosity. The slaked calcium and magnesium source is then screened 
through a 30 mesh screen to remove impurities. To the mixing oxides is added 702 grams of diy 
30 mesh silica sand. This provides enough silicon dioxide to react with all the magnesium and 
calcium oxide in a 1: 1 molar ratio. The slurry is allowed to mix for 10 minutes. Upon completion 
of the reaction the free water is removed in an oven at 1 10°C. The dried material is then heated 
to 1375°C for 15 minutes in a kiln. The phase formed in this reaction is confirmed by x-ray 
diftaction (XRD) to be >98% diopside (CaMgSi20g). 

Example 6 

The method wherein a diopside (CaMgSi205) precursor is used in glass. The glass 
formulation followed is 74. 1% Si02, 13.3% Na20, 8.6% CaO, and 4. 1% MgO. The precursor 
material consists of 77.2% of the needed CaO and MgO, and 16.5% of the required Si02 
Therefore, to 22.4 grams precursor material is added 61.9 grams S1O2 as 30 mesh sand, 5.43g 
calcium carbonate as 53.04% CaO, and 22. 6g soda ash as 58.5% Na 2 0. A control consisting of 
the above mentioned glass formulation using calcium carbonate as the CaO source, dolomite as 
MgO/CaO source, 30 mesh sand as the Si02 source, and soda ash as the Na20 source is created. 
Two groups of these mixtures are then heated 10 various temperatures and allowed to dwell for a 
period of time. In every case a control glass was run side by side in the furnace. The glass 
samples are ground up and XRD performed on them. The % amorphous glass for these samples 
are as follows. 
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temperature / time 


% Amporphous Glass 
(Control Glasa) 


% Amporphous Glass 
(Experimental Glass) 


783°C/ 30 minutes 


5 


7 


817°C/ 30 minutes 


7 


10 


875°C / 30 minutes 


25 


30 


1000°C / 30 minutes 


45 


50 


1 100°C / 30 minutes 


65 


70 


1300°C / 1 hour 


95 


98 


i<tuu i nour 




100 



In addition, thermal gravimetric analysis/differential thermal analysis (TGA/DTA) show 
the glass with the diopside material required less energy and has' fewer endotherms than the glass 
control. On a theoretical basis, the glass using diopside type of synthetic silicate needs 13.8% les$ 
energy than the control glass. This is due mostly to the less need for decarboxylation in the glass 
using diopside type synthetic silicate. 

Synthetic Silicate Pcllcta 

In another embodiment the present invention is a process for producing a synthetic 
silicate pellet which can be further processed into synthtic silicate panicles. The synthetic silicate 
is produced by either of the soluble silicate route or the silica sand route. The preferred process 
for producing such particles comprise the following steps; 

1) producing a mixture by admixing (a) silicon dioxide, preferable sand, (b) calcium oxide 
and/or magnesium oxide, preferably dolomitic lime or high calcium lime, and (c) water, 

2) forming an undried mass from such mixture, such as extruding an undried pellet; 

3) drying the undried mass, e.g. pellet, to drive off water, preferably to attain structural 
strength sufficient for handling and/or to control degradation in a reaction process; 

4) reacting the unrcacted mass to produce a desired synthetic silicate, preferably a diopside 
product pellet, preferably the reaction taking place in a kiln or microwave device, under controlled 
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condition to produce the desired product; and 

(S) reducing the synthetic silicate product to a desired panicle size for use in a glass 
production component. 

Step (1) is effectively performed to control the ratio of material, which is important in 
arriving at the "green" strength of the prereacted pellet as well as the composition of the desired 
synthetic silicate product pellet. When using magnesium oxide alone in step (1) without the 
presence of calcium oxide, then additional optional techniques may be required to produce a 
pellet, such as utilizing enhanced pressures or binders. 

Step (2) forming of a mass is effectively controlled to enhance the green strength and to 
control the reaction to produce the desired synthetic silicate product pellet Such control can be 
in the forming dye plate configuration and the forming pressures. Considerations include, but are 
not limited to, the density and water content of the formed pellet Preferably, such forming is by 
extrusion or pan pelletiing. Preferably, the undried pellets are formed from a slaked mixture of 
calcium oxides and/or magnesium oxides, more preferably lime, and sand and are extruded into a 
cylindrical shape of diameter ranging from one quarter inch to several inches with a preferred 
aspect ratio (diameter to central axis) of less than about one. The cylindrical shape affords a 
better reaction in the rotary kiln, as well as less dusting. Uniform pellet sizes allow for a uniform 
reaction with little to no glass formation in the kiln. The prefired pellets are dense, white 
cylinders. When heated, the pellets become porous due to the release of the water of hydration 
and the diopside reaction. This porous structure of the post fined pellet allows for easier grinding 
to a selected panicle size, preferably to a particle size range of about - 30 mesh to about + 100 
mesh. 

The analyzed composition (in weight percentages) of these unreacted pellets are from 
about 3% to about 18% magnesium oxide, from about 6% to about 34% calcium hydroxide, from 
about 0% to about 27% calcium carbonate, from about 0% to about 22% magnesium carbonate, 
and from about 48% to about 60% silica sand. More preferably the composition consists of from 
about 16% to about 17.5% magnesium oxide, from about 30% to about 34% calcium hydroxide, 
and from about 50% to about 54% silica sand. A composition wherein the weight percentage of 
calcium hydroxide is less than about 6% will no longer have the green pellet strength necessary to 
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prevent build up' and dusting in a calciner. these "green" pellets of unique composition are a 
form very conducive to calcining in a large production facility. 

Accordingly, another embodiment of the present invention is an unreacted pellet of the 
above described composition which can be reacted to form synthetic silicate, such pellet having a 
cylindrical shape with a diameter of at least about one quarter of an inch and an aspect ratio 
(diameter to central axis) less than about one, the synthetic silicate being a calcium magnesium 
silicate, magnesium silicate, and/or calcium silicate. 

Step (3) dries the formed undried pellet to an unreacted pellet. The drying conditions are 
controlled primarily in the rate of drying and final moisture content of the unreacted pellet. The 
drying conditions can be effectively controlled to attain greater green strength. 

Step (4) reacting is effectively controlled to produce a desired synthetic silicate, such as 
diopside or wollastonite (but not necessarily limited to such). SUch reacting is effectively 
controlled in the time and temperature of the reaction. The green strength of the pellet is effective 
to prevent undesired pellet degradation which results in dusting, refractory build-up, such as 
adhesion to refractory surfaces, loss of reaction control, non-uniformity of reaction, such as 
differing raxes of melting, and other negative reaction conditions which are typical in powder form 
feeds of materiel to high temperature processes. The temperature for reaction is preferably above 
about 700°C, more preferably above about 1000°C, even more preferably about 13S0 °C to 
about 1400 °C. Higher temperatures are possible, but the temperature should not be such that 
melting or other structural degradation occurs 

Step (5) is reducing the fired synthetic silicate pellets to a desired particle size for use in a 
glass production component. Such reduction can be by grind\ding processes or other known 
reduction means with appropriate screening, if desired. 

A preferred embodiment is the formed pellet produced by steps (1) through (3) stated 
herein above. 

Another preferred embodiment is the synthetic silicate pellet produced by steps (1) 

through (4) stated herein above. 

Yet another preferred embodiment is the glass produced by use of the material produced 
by steps (1) through (3) stated herein above. 
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Yet stillanother preferred embodiment is the glass produced by use of the material 
produced by steps (1) through (4) stated herein above. 

And yet another preferred embodiment is the glass produced by use of the material 
produced by steps (1) through (5) stated herein above. 

The following example is to illustrate, but not limit, the synthetic silicate pellet of the 
present invention: 

Example 7 

Dolomitic lime and calcium oxide (eg. Quicklime) are fed into a reactor together with 
water and silica sand. The slaked reactant is fed into a drier at about 200°C and there is obtained 
therefrom a pellet form which is fed into an extruder to form dried pellets. The dried pellets are 
then calcined at about 1350°C, then crushed and screened before'being supplied to a glass-making 
machine. 
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1 . A method of producing a molten ceramic comprising admixing a slaked source 
of calcium and/or magnesium and silicon dioxide at a temperature sufficient to produce a 
molten synthetic silicate product. 

2. A method as claimed in claim 1 wherein the synthetic silicate produced is 
heated with a further source of silicon dioxide to produce a glass product. 

3. A method as claimed in claim 2 wherein said heating with a further source of 
silicon dioxide is carried out in the presence of a source of sodium. 

4. A method as claimed in either of the preceding claims wherein the source of 
calcium and/or magnesium is selected form wollastonite, diopside, akermanite, calcium 
metasilicate, calcined dolomite and lime. 

5. A method as claimed in any of the preceding claims wherein the source of 
silicon dioxide is sand or quartz. 

6. A method as claimed in any of the preceding claims wherein the slaked source 
of calcium and /or magnesium is an admixture of separately slaked sources of calcium and 
magnesium. 

7. A method as claimed in any of the preceding claims wherein the source of 
silicon dioxide is silica sand and the synthetic silicate produced is sized and admixed with 
silica and heated at high temperature to produce a glass. 

8. A method as claimed in claim 7 wherein the sizing is performed using a screen 
size of from 10 to 325 U.S. Standard mesh. 

9. A method as claimed in claim 7 or 8 wherein the high temperature heating is 
effected at a temperature of from 1000°C to 1800°C. 

10. A method as claimed in claim 7 further comprising forming pellets of the 
synthetic silicate. 

11. A method as claimed in claim 7 wherein the proportion of the amount of 
synthetic silicate and the second source of silicon dioxide is controlled to reduce the 
temperature required to produce molten glass within a set time or to reduce the time taken to 
produce molten glass at a set temperature. 

12. A method as claimed in claim 1 for producing synthetic silicate particles 
comprising 

1) admixing silicon dioxide, calcium oxide and/or magnesium oxide and water; 

2) forming an undried mass from the mixture; 

3) drying the mass to drive off water and attain structural strength sufficient for 
handling and/or to control degradation in a reaction process; 

4) reacting the mass to produce a desired synthetic silicate product; and 
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5) reducing the synthetic silicate product to a desired particle size for use as a glass 
production component. 

13. A pellet produced by steps 1), 2) and 3) of claim 12. 

14. A synthetic silicate pellet produced by steps 1), 2) 3) and 4) of claim 12 

15 A glass produced by use of the material produced by the process of claim 12 

or using the products of either of claims 13 and 14. 
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